A Gram-stain-negative, yellow, facultatively-anaerobic, short, rod-shaped, non-spore-forming bacterium, designated PK15
The genus Flavobacterium, belonging to the family Flavobacteriaceae within the phylum Bacteroidetes was first proposed by Bergey et al. [1] and has been revised extensively by subsequent studies [2] [3] [4] [5] . It presently comprises over 150 species with validly published names (http://www.bacterio. net/). Members of the genus are usually pigmented due to carotenoid and/or flexirubin pigments [6] , and have been isolated from habitats including soil [7] , rhizosphere [8] , marine [9] , freshwater [10] , freshwater fish [11] , Antarctica [12] , activated sludge [13] , and a wastewater treatment plant [14] . Species of the genus Flavobacterium have been associated with bioremediation in soil [15] and marine environments [9] , plant growth promotion and protection [16] , plant glycan metabolism [17] and are also etiological agents of severe fish diseases such as bacterial gill disease [18, 19] , bacterial coldwater disease [20] and columnaris disease [21] . In the present study, polyphasic taxonomy was used to characterize a novel strain of a novel species of the genus Flavobacterium, which was isolated from freshwater.
A single yellow colony, strain PK15
T , was isolated on R2A (Difco) agar at 30 C during a study on the dominant bacterial groups found in the major freshwater bodies in Korea. Cell morphology was observed by light microscopy (Model SE, Nikon) and was used to determine the purity of the isolate. Routine subcultivation was performed on R2A (Difco) agar at 30 C, while stock solutions were maintained in glycerol suspensions (20 %, v/v) at À70 C.
Genomic DNA was extracted using the HiGene genomic DNA prep kit for bacterium (BIOFACT). Using bacterial universal primers 27F and 1429R [22] , the 16S rRNA gene was amplified and PCR products were purified with NucleoSpin gel and a PCR clean-up kit (Macherey-Nagel). The purified PCR products were sequenced using the services of Macrogen. The resultant 16S rRNA gene sequence was analyzed using the EzBioCloud server (http://www.ezbiocloud. net/) [23] , to identify and obtain closely related taxa. A phylogenetic analysis was carried out using the MEGA 6 software package [24] . For pairwise and multiple sequence alignment CLUSTAL_W was used, while evolutionary distances were computed with the Jukes and Cantor model [25] . Gaps were treated by pairwise deletion, and neighbour-joining [26] , maximum-likelihood [27] and maximum-parsimony [28] phylogenetic trees were reconstructed after clustering with bootstrap values based on 1000 replications [29] . intervals of 1 pH unit) and at different NaCl concentrations (at 0.2 %, w/v, intervals for 0-1 and 0.5 % intervals for 1-3 %) on R2A broth was tested. The pH was adjusted with 4 M HCl for pH 4-6 and 1 M NaOH for pH [8] [9] [10] [11] . Growth on Anarcker Ordal, nutrient, MacConkey and tryptic soy agars (Difco) was also investigated. Anaerobic growth was tested on R2A agar and incubated at 30 C for 14 days. Anaerobic conditions (<0.1 % oxygen concentration) were provided with a GENbox anaer kit (bioM erieux) in an anaerobic jar and monitored with an anaerobic indicator (bioM erieux). Potassium nitrate, KNO 3 (0.05 % w/v), was used as an exogenous electron acceptor. Oxidase and catalase activities were tested by bubble production using 1 % (w/v) tetra-methyl-p-phenylendiamine and a colour change using 3 % (v/v) hydrogen peroxide, respectively [30] . Biochemical tests were performed using the API 20NE and API 50CH systems (bioM erieux), according to manufacturer's instructions. Tests for the hydrolysis of casein were determined by observing clear zones on R2A agar supplemented with 5 % (w/v) skimmed milk. The hydrolysis of DNA on DNase test agar (BBL) was determined with methyl green indicator. The hydrolyses of starch, tyrosine, tributyrin, Tweens 20, 40, 80, and carboxymethylcellulose were carried out using previously described methods [30] [31] [32] , while the hydrolyses of colloidal chitin and chitosan were observed in chitin agar (0.2 % K 2 HPO 4 , 0.1 % KH 2 PO 4 , 0.07 % MgSO 4 .7H 2 O, 0.05 % NaCl, 0.05 % KCl, 0.05 % yeast extract, 0.01 % CaCl 2 , 2 % agar, 0.4 % colloidal chitin and/or chitosan; all w/v). Other enzyme activities were tested using API ZYM kits, according to the manufacturer's instructions. Flexirubin-type pigments were detected using the bathochromic shift test with 20 % KOH (v/v) solution, as described by Bernardet et al. [33] . Gliding motility was assessed on a semisolid 0.3 % (w/v) R2A agar [3] and by the hanging drop method, while Congo red absorption was tested as described by Bernardet et al. [33] .
The cells of strain PK15
T were Gram-stan-negative, facultatively-anaerobic, non-motile and short rod-shaped (Fig. S1 , available in the online version of this article). Colonies were yellow, circular, translucent, convex and smooth with entire margins. Strain PK15
T grew optimally at 30 C, pH 8 and in the presence of 0.4 % (w/v) NaCl. The isolate also showed good growth on R2A, Anacker Ordal agar (AOA), nutrient agar and tryptic soy agar (TSA). It also grew well at temperatures of C, at pH 6-9, at NaCl concentrations of 0-0.8 % (w/v) and in anaerobic conditions in the presence of an exogenous electron acceptor. The physiological characteristics of strain PK15
T are presented in Table 1 and summarized in the species description.
Fatty acid methyl esters of strain PK15
T and reference strains were extracted according to the MIDI Sherlock Microbial Identification System (MIDI) from 40 mg wet cells grown on R2A agar plates for 48 h at their respective optimal temperatures. The cellular fatty acids extracted were analyzed by gas chromatography using the Sherlock system MIDI 6.1 and RTSBA6 database. The major fatty acids of strain PK15
T were anteiso-C 15 : 0 (17.3 %), a summed feature 3 comprising C 16 : 1 !7c and/or C 16 : 1 !6c (15.1 %) and iso-C 15 : 0 (10.0 %). The fatty acid profile of strain PK15
T was similar to that of the reference strains. However, there were minor differences in the proportions of various individual components. The complete fatty acid profiles are shown in Table 2 .
The polar lipids and isoprenoid quinones of strain PK15 T and reference strains were extracted concurrently from 200 mg of freeze-dried cells, according to Minnikin et al. [34] , with a little modification (petroleum ether was replaced with hexane). Polar lipids were separated by two-dimensional TLC on silica gel (Merck). The first direction was developed with chloroform/methanol/water (65 : 25 : 3.8 by vol.), and the second direction with chloroform/acetic acid/methanol/water (40 : 7.5 : 6 : 1.8 by vol.). The total lipids and specific functional groups were detected using molybdophosphoric acid for total lipids, ninhydrin for aminolipids, molybdenum blue for phospholipids, and periodate-Schiff reagent for a-glycols. Respiratory quinones were purified with Sep-Pak Vac silica cartridges and analyzed by HPLC, as described by Komagata and Suzuki [35] using MK-6 from F. palustre S44 T as a reference. The major polar lipids of strain PK15 T were phosphatidylethanolamine, three unidentified aminolipids, an unidentified aminophospholipid and three unidentified polar lipids (Fig. S2) . The polar lipid profile of strain PK15 T and reference strains were very similar. Differences were found in the number of aminolipids, aminophosholipids and unidentified total lipids. Menaquinone-6 (MK-6) was the major isoprenoid quinone of strain PK15 T , which was also similar to the reference strains. The fatty acid, polar lipid and isoprenoid quinone profiles of strain PK15
T are in accordance with those of the members of the genus Flavobacterium [2, 4] .
The DNA G+C content was determined using the fluorimetric method of Gonzalez and Saiz-Jimenez [36] . The G+C content of strain PK15 T was 35.5 mol%, which is within the range for members of the genus Flavobacterium [5] .
On the basis of the various unique phenotypic characteristics and the phylogenetic position, strain PK15
T represents a novel species of the genus Flavobacterium, for which the name Flavobacterium commune sp. nov. is proposed. This species is believed to represent a main group of Flavobacterium inhabiting a freshwater environment in Korea (data unpublished). Additionally, an emended description of Flavobacterium seoulense is also proposed, based upon the chemotaxonomic properties determined in this study.
DESCRIPTION OF FLAVOBACTERIUM COMMUNE SP. NOV.
Flavobacterium commune (com.mu¢ ne. L. neut. adj. commune common, widespread, referring to frequent isolation from freshwater habitats). T ; 2, F. palustre S44 T . 3, F. seoulense EM1321 T . All data were obtained in the present study, except where indicated otherwise. All strains were positive for oxidase, catalase, nitrate reduction, and the hydrolysis of aesculin and p-nitrophenyl-b-D-galactopyranoside (PNPG). They were negative for congo red adsorption, flexirubin pigmentation and indole production, glucose fermentation, hydrolysis of arginine, urea, gelatin, casein, carboxymethylcellulose, tyrosine, Tweens 20, 40, 80 and tributyrin; assimilation of D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. In API ZYM, all strains were positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, acid phosphatase, b-galactosidase and negative for lipase, cysteine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, bglucosidase, a-mannosidase, a-fucosidase. The type strain, PK15 T (=KCTC 52562 T =JCM 32115 T ), was isolated from freshwater. The DNA G+C content of the type strain is 35.5 mol%.
EMENDED DESCRIPTION OF FLAVOBACTERIUM SEOULENSE SHIN ET AL. 2015
The description is as given by Shin et al. 2015 with the following amendment. The major polar lipids are phosphatidylethanolamine, three unidentified aminolipids, two unidentified aminophospholipids and two unidentified polar lipids. MK-6 is the major respiratory isoprenoid quinone. Hydrolyses DNA, aesculin and p-nitrophenyl-b-Dgalactopyranoside (PNPG), and assimilates D-mannose.
Acid is produced from D-arabinose, D-ribose, N-acetylglucosamine and L-fucose, and weakly from L-rhamnose, maltose, D-tagatose and potassium 5-ketogluconate.
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